Abstract. The radio structures and optical identifications of a sample of 242 sources classified as double-double radio sources by Proctor (2011) from a morphological study of sources in the FIRST (Faint Images of the Radio Sky at Twenty centimeters) survey (2003 April release, 811,117 entries) have been examined. We have been able to confirm only 23 of these as likely to be double-double radio galaxies (DDRGs), whose structures could be attributed to episodic nuclear activity in their host galaxies. A further 63 require either higher-resolution radio observations or optical identifications to determine whether these are DDRGs. The remaining sources are unlikely to be DDRGs. We have examined the luminosities, sizes and symmetry parameters of the DDRGs and the constraints these place on our understanding of these sources.
Introduction
An important and interesting question in our understanding of active galactic nuclei (AGN) is whether their nuclear activity is usually episodic in nature. There have been suggestions that black holes grow during AGN phases with the total life time of the active phases ranging from ∼ 1.5 × 10 8 to 10 9 yr (e.g. Marconi et al. 2004) . Recurrent activity could also have significant implications in feedback processes in active galaxies and on the evolution of galaxies themselves. Although there has been increasing evidence of recurrent activity in AGN from both radio and X-ray observations (see Saikia & Jamrozy 2009 for a review), it is not clear how ubiquitous this phenomenon might be. For example from deep low-frequency observations Sirothia et al. (2009) did not find any unambiguous evidence of recurrent activity in a sample of 374 smallsized sources. Marecki (2012) has interpreted the structure of the highly asymmetric giant radio galaxy J1211+743 (Pirya et al. 2011) to be due to recurrent nuclear activity. To understand these varied aspects as well as the range of time scales of episodic activity and possible reasons for it (see Kaiser, Schoenmakers & Röttgering 2000; Czerny et al. 2009; Brocksopp et al. 2011) , it is necessary to significantly increase the number of sources with evidence of recurrent activity beyond the couple of dozen or so that are presently known (see Saikia & Jamrozy 2009 ). At present, there appears to be a reasonably wide range of time scales of episodic activity which has been estimated from spectral and dynamical ages of the outer and inner lobes of a few DDRGs. These range from ∼ 10 5 yr for 3C293 (Joshi et al. 2011 ) to ∼ 10 8 yr for the largest Mpc-scale DDRGs (e.g. Schoenmakers et al. 2000; Konar et al. 2006 ).
Approximately 10 per cent of AGN are luminous at radio wavelengths, referred to as radioloud objects. Drawing an analogy with X-ray binary systems in our Galaxy, a number of authors have suggested that radio activity in AGN could itself be episodic in nature (Nipoti, Blundell & Binney 2005; Körding, Jester & Fender 2006) . One of the clearest signs of episodic activity is seen in radio-loud objects where there are more than one pair of distinct outer lobes, which can be unambiguously ascribed to different cycles of activity. Although most of these sources exhibit two cycles of activity, and are referred to as DDRGs, there are two examples of sources which appear to possibly exhibit three cycles of activity, namely B0925+420 (Brocksopp et al. 2007) and J140948.85−030232.5 (Hota et al. 2011) , the latter being associated with a spiral host galaxy. Almost all the sources exhibiting evidence of a double-double structure are associated with galaxies, with the possible exception of 4C02.27 which is associated with a quasar (Jamrozy, Saikia & Konar 2009). Evidence of episodic activity has also been reported from a combination of X-ray and radio observations, where inverse-Compton scattered X-ray emission from old electrons in the relic lobes are seen along with synchrotron emission from the recent cycle of activity. Sources where this has been reported include 3C191 and 3C294 (Erlund et al. 2006) , as well as the well-studied object Cygnus A (Steenbrugge, Blundell & Duffy 2008; Steenbrugge, Heywood & Blundell 2010) .
To understand the nature of these sources and possible reasons for their episodic activity, we need to enlarge the sample of objects. As a first step we have focused on the FIRST survey (Becker, White & Helfand 1995) , where Proctor (2011) has done a classification of the structures of sources into different categories. Of interest here are the 242 sources Proctor (2011) has classified as DDRGs based on the identification of at least four different components in the radio images. Since the mere existence of four components does not guarantee the source to be a DDRG, we have examined the radio structure as well as the optical identifications of all the 242 sources to identify those we believe to be good examples of DDRGs, possible examples which require further observations and also sources which do not appear to be DDRGs. We describe briefly the methodology we have adopted in Section 2, describe the DDRGs identified from this survey in Section 3, and discuss the nature of these sources in Section 4.
Methodology of classification of the DDRGs
As mentioned earlier, we have examined the radio structures and optical identifications of each of the 242 sources listed by Proctor (2011) as DDRGs. To identify the optical objects we have used the Sloan Digital Sky Survey (SDSS) Data Release 8 (DR8) 1 . If the source is not covered in DR8 we have examined the Digital Sky Survey DSS R-band images to find the optical identifications. We consider the optical object to be identified with the radio core component if the optical position is within an arcsec of the radio peak position of an unresolved or slightly resolved compact component. Normally the difference is within ∼0.5 arcsec. However, in some cases the presence of extended emission near the core at 1400 MHz may shift the centroid and higher frequency observations are required to locate the core more accurately. In sources without a radio core we consider the optical object to be identified with the radio source if it lies close to the axis defined by the inner lobes. The extended lobe-like emission in the source J1158+2625 is not visible in the NRAO VLA Sky Survey (NVSS) image and is likely to be spurious. This source has not been considered further.
Sources where radio emission from two cycles of activity are clearly distinguishable with the inner structures being more compact, and with an optical identification located between the inner doubles have been classified as DDRGs. Such sources without an optical identification have been classified as candidate DDRGs, as illustrated in the Appendix. In these cases deep optical imaging is required to examine whether one of the inner compact components may be coincident with an optical identification. Deep multi-frequency radio observations would also help determine whether the radio spectrum is flat, as is usually the case for radio cores. Alternatively it could help detect possible backflow in the form of tails if these compact inner components are hot-spots.
A source where the optical object is co-incident with one of the inner compact components is clearly not a DDRG, and is listed as a non-DDRG in this study. For example the sources J0759+4051 and J1434+0441 discussed in the Appendix belong to this category.
A DDRG is expected to have diffuse outer lobes due to the an earlier cycle of activity and more compact hot-spots in the inner lobes which are due to a more recent cycle of AGN activity. With inadequate resolution the components of radio emission on either side of the host galaxy may not be resolved clearly to reveal the detailed structure. These components may be due to either two cycles of activity or the secondary inner peaks may be caused by backflow from the outer hot-spot. We have fitted two dimensional gaussians to all such sources. Those where the inner components are clearly resolved and more extended than the outer ones are likely to be due to peaks of emission caused by back-flowing plasma and have been classified as nonDDRGs; those where the inner components are more compact but higher resolution observations are required to determine their structure more reliably are referred to as candidate DDRGs in our study. J0032−0019, shown in the Appendix, represents the kind of sources where the inner components are due to backflowing plasma from the hot-spots.
The wide-angle tailed sources (WATs) often have more compact emission closer to the host galaxy with more diffuse tails of emission extending from these features (e.g. Blanton et al. 2003; Mao et al. 2010) . Detailed spectral studies are required to establish the episodic nature of these sources. These WATs are listed separately in this paper and will not be discussed here.
This leaves us with a sample of 23 DDRGs and 63 candidate DDRGs, where further observations are required to establish whether these might be DDRGs. The list of DDRGs are presented in Table 1 , some of its properties in Table 2 , while the list of candidate DDRGS are presented in Table 3 and 5 respectively). These tables are arranged as follows. Column 1: source name; Column 2: optical identification; Column 3: redshift; Columns 4 and 5: The right ascension (hh:mm:ss.ss) and declination (dd:mm:ss.ss) of the optical objects in J2000 co-ordinates; Columns 6 and 7: The right ascension (hh:mm:ss.ss) and declination (dd:mm:ss.ss) of the radio core positions; Column 8: Notes on individual sources. Since we are not discussing the WAT sources in detail, notes are not provided for Table 5 .
Some of the observed properties of the FIRST DDRGs are listed in Table 2 which is arranged as follows. Column 1: source name; Column 2: optical identification; Column 3: redshift; Columns 4 and 5: projected linear size of the inner and outer double-lobed sources in kpc; Column 6: the locations of the components farther/closer from the core for the inner double. The symmetry parameters mentioned in Columns 7−10 are all in the same sense as given in Column 6. Columns 7 and 8 represent respectively the armlength or separation ratio for the inner and outer doubles; Columns 9 and 10: flux density ratios for the inner and outer doubles; and Columns 11 and 12: log of radio luminosity at an emitted frequency of 1400 MHz for the inner and outer doubles. The FIRST images of all the DDRGs are shown in Fig. 1 . 
Results and discussions

Linear sizes
A comparison of the sizes of the DDRGs selected from the FIRST survey (Table 1) 5 yr, compared with time scales of ∼10 8 yr for Mpc-scale objects (e.g. Schoenmakers et al. 2000; Konar et al. 2006 ), making it difficult to understand episodic activity in terms of periodic supply of fuel by an interacting companion. The smaller sizes of FIRST DDRGs demonstrate clearly that a wide range of time scales of episodic activity are possible, which may extend to even CSS and GPS scale objects as has been speculated for the archetypal GPS object CTA21 (Salter et al. 2010 ).
In Fig. 2 we plot the ratio of the luminosities of the outer double to that of the inner one versus the projected linear size of the inner double. Schoenmakers et al. (2000) suggested an inverse correlation between these two parameters with the outer lobes being more luminous than the inner ones, while Saikia et al. (2006) found the inner ones to be more luminous in the smallest inner doubles and the overall correlation to have a reduced level of significance. Considering the FIRST DDRGs along with the Saikia et al. sample, we find that while there may be an upper envelope to this diagram suggesting an inverse relation, the correlation is not statistically significant. The range of the ratio of luminosities appears large for sources < ∼ 200 kpc, varying by a factor of over 100. Note that the only source in the new sample where the inner double is much more luminous than the outer one has a size of only 34 kpc, the second smallest in the sample. The evolution of the smallest sources could be affected by the dense interstellar medium of the host galaxy leading to more luminous components due to a more efficient dissipation of energy as well as better confinement by the medium (e.g. Jeyakumar et al. 2005 , and references therein).
Arm-length and brightness ratios
We have re-examined the trend for the inner doubles to be more asymmetric in both brightness and location compared with the outer ones for the sample compiled by Saikia et al. Such studies might provide clues towards understanding the environments in which these sources are evolving as well as any possible asymmetries in the oppositely-directed radio jets. For the FIRST sample the estimates of arm-length ratios have been made from the positions of the optical objects and it would be useful to make these estimates from higher frequency images with higher resolution where the cores are likely to be identified. Considering both the samples together there is a marginal trend for the inner double to be more asymmetric in the location of the outer lobes, but the two distributions are not signficantly different (Fig. 3) . However, the asymmetries in the outer and inner lobes are often not in the same sense, suggesting that these are not likely to be due to the effects of orientation and relativistic motion.
A comparison of the flux density ratios of the inner and outer doubles also shows this to be not significantly different. There is also no significant trend for the farther component to be brighter for either the inner or outer doubles. A closer brighter component is expected when the jet on this side is interacting with denser material as it propagates outwards (Fig. 3) .
Concluding remarks
Early studies of DDRGs suggested that these are likely to be associated with giant radio sources, yielding time scales of episodic activity of ∼10 (2010) also speculated that radio emission from the archetypal GPS source CTA21 may be episodic. Examples of DDRGs appear to occur over a wide range of size scales, and surveys of different resolutions are required to be able to identify these objects. Detailed spectral and dynamical age studies will help us explore the range of time scales of episodic nuclear activity. In this paper we also list the candidate DDRGs which require further observations to determine whether it is a DDRG, and also the ones we classify as non-DDRGs and WATs in the Appendix. Figure 4. Examples of candidate DDRGs which require an optical identification to determine whether the inner structure is due to either an inner double or a radio core and part/knot of a jet. Examples of sources which we have classified as non-DDRGs. The inner emission in J0032−0019 is likely to be due to backflow from the hot-spots, while in the case of J0759+4051 and J1434+0441, the optical identification is co-incident with one of the components of the inner double which is likely to be the radio core. The other feature is possibly a knot in the jet. 
